An attempt was made to derive information about the types of mechanisms that can produce congenital cardiovascular anomalies from a study of twins. The presence or absence of a cardiovascular malformation in the twins and in their siblings, and the zygosity of each twin pair were determined. G REAT advances have been made during the past 2 decades in methods of diagnosing congenital cardiovascular lesions, and in concepts and technics of their surgical correction. There has been almost no progress, however, in the prevention of such defects because of the paucity of knowledge about their causes. The anomalies in humans appear to be genetically determined in certain instances and to be caused by an agent, such as the rubella virus, in the intrauterine environment on occasion; but in the majority of cases the etiologic factor is not known. It was hoped that a study of twins with congenital cardiovascular disease might clarify the cause of the anomalies, since twins are thought to be exposed to a relatively similar intrauterine environment, and monozygotic twins have an extremely similar genetic endowment.
G REAT advances have been made during the past 2 decades in methods of diagnosing congenital cardiovascular lesions, and in concepts and technics of their surgical correction. There has been almost no progress, however, in the prevention of such defects because of the paucity of knowledge about their causes. The anomalies in humans appear to be genetically determined in certain instances and to be caused by an agent, such as the rubella virus, in the intrauterine environment on occasion; but in the majority of cases the etiologic factor is not known. It was hoped that a study of twins with congenital cardiovascular disease might clarify the cause of the anomalies, since twins are thought to be exposed to a relatively similar intrauterine environment, and monozygotic twins have an extremely similar genetic endowment.
A number of twins with congenital cardiovascular disease have been described. Unfortunately, at the time that some of the reports were written, the criteria for determining both the zygosity and the presence or absence of cardiovascular lesions were less rigid than currently. Table 1 summarizes the literature describing those pairs for which the diagnosis of zygosity seems valid. They have been divided into monozygotic pairs (those derived from 1 fertilized ovum) and dizygotic pairs (those derived from 2 fertilized ova). Table 1 also indicates which references describe twin pairs that were concordant for congenital cardiovascular disease (both co-twins affected), and which report discordant pairs (only 1 twin of the pairs had congenital heart disease). Separate mention is made of twins having dextrocardia, either with43-4 or without48-56 another cardiac anomaly. Doolittle44 reported 2 opposite-sex pairs; all the others were same-sex pairs. Three pairs45' 49, 50 were concordant for dextrocardia.
Uchida and Rowe57 reported the first study of a series of twins with congenital heart disease. Following rigid criteria in determining zygosity, they observed 13 monozygotic and 13 dizygotic pairs. Only 1 member of each of their twin pairs was affected.
METHODS
A number of individuals associated with different health agencies throughout New York City suggested possible subjects for this investigation. Those twin pairs for which the zygosity could be determined and the presence or absence of a congenital cardiovascular anomaly could be established for each twin, were selected for inclusion in this study. The cases therefore do not represent a statistically random sample, and consequently the number of dizygotic pairs should not be compared with the number of monozygotie pairs, nor should the proportion of concordant pairs in each group be considered.
Insofar as possible, the investigation of each twin pair included the following data: History Family History. The family history was obtained from one or both parents, with particular inquiry about multiple births, congenital abnormalities in any relative, and consanguinity. The mother's gynecologic and obstetric history was elicited with emphasis on menstrual irregularities, abortions, prematurely born babies, and complications of pregnancies or deliveries. The mother was asked specifically whether she had, to her knowledge, any chronic anemia; pulmonary, renal, cardiovascular, thyroid, or psychiatric disease; and whether she had ever received radiotherapy. Only superficial inquiry was made about the father's health; we did not routinely ask about irradiation 328 History of the Twin Gestation. Information about the twin pregnancy and delivery was obtained from the mother or hospital medical records. Mothers were questioned about excessive nausea or vomiting, vaginal bleeding, uterine cramps, medications (other than vitamins, calcium, or iron), surgery, any unusual psychogenic factors, infections, contact with the common contagious diseases, herpes simplex, immunization against poliomyelitis (in those pregnancies that occurred after the introduction of the Salk vaccine), and vaccination against smallpox. Medical records were examined for evidence of toxemia58 and the results of serologic tests. Information about the maternal blood types was available in only some instances, and about the hemoglobin in very few.
In the case reports, absence of a statement about any of the above facets of the history indicates that information was available and was negative. To avoid repetition, only positive information, or where appropriate, a comment that the information was incomplete, has been included.
Cardiac Evaluation
A physical examination of the cardiovascular system of the (living) twins and of their full siblings was performed by the author, unless a statement to the contrary appears in the case report. Electrocardiographic and roentgenographic findings and the descriptions of angiocardiograms, the results of cardiac catheterization, surgical procedures, and postmortem examinations were usually obtained from hospital or clinic medical records.
IROSS
The co-twins and siblings were examined for cyanosis and clubbing, and auscultation of their hearts was performed. Peripheral pulses were palpated in the lower extremities or the blood pressure was measured. The absence of a remark about a co-twin or sibling in a case report means that neither the history nor the physical examination suggested the presence of congenital eardiovascular disease. Findings on roentgenographic and electrocardiographic examinations, where available, have been included in the case reports.
Zygosity Determination
Twin pairs consisting of like-sex co-twins with different blood types, and those having oppositesex co-twins, were classified as dizygotic.
The pair of conjoined twins was considered monozygotic, as were also those same-sex pairs whose twin partners did not differ in blood types and who strongly resembled each other in general appearance and in the following characteristics: hair color, eye color, shape of external ear, attachment or absence of attachment of the ear lobe to the face, contour of the nose and of the chin in the profile view, and eyebrow shape. Fingerprints were taken of most of the monozygotic twins. In computing the total ridge counts,59 only the higher count of those fingers with whorl patterns was included. If the prints were not technically satisfactory for obtaining an accurate total ridge count, Brodhage and Wendt's method of evaluating fingerprints60 was used.
It is extremely difficult to be certain that a pair of twins, other than conjoined twins, is monozygotic. Smith and Penrose23 have described in detail a method, which we followed, of "evaluating the relative chance that the twin pair is monozygotie." In our computations, we have used the authors' data for the "initial odds" that the pair is dizygotic, and their figures for blood group frequencies (regardless of the ethnic origin of our twins) and for intra-pair differences in fingerprint total ridge counts. In indicated instances, we have incorporated into the mathematical scheme of Smith and Penrose, Wendt's61 findings on intrapair differences in fingerprints or Steiner's62 observations on the number of placentas present in monozygotic and dizygotic twin births. (The "relative chance in favor of a dizygotic pair" is 0.6197 if there is 1 placenta, and 1.931 if there are 2 placentas.) Since we consider that the data on "initial odds" and on blood groups are more reliable than those on fingerprints and placentas, in the case reports we have given one figure for the "relative chance that the twin pair is monozygotic" based on the former data, and have given a second estimate based on the inclusion of data dependent on the fingerprints or the number of placentas. to have any significant or consistent effect on birth weight. The average birth weight of the affected members of the discordant monozygotic twin pairs was 5-4, and of their unaffected co-twins 5-2; the affected twin was the heavier at birth 3 times and the normal twin was the heavier 5 times. Among all discordant pairs of twins, the average birth weight of the affected twins was 5 pounds and of the unaffected co-twins was 5-8; in 10 instances the affected twin was the heavier at birth and in 22 
FINDINGS

Twin Pregnitantcies
Twelve mothers reported having had excessive nausea or vomiting during the twin gestations; it occurred during the first trimester in 6 of them, during the latter part of the pregnancy in 2 cases, and throughout pregnancy in 4 instances. Vaginal bleeding was reported in 10 instances. Nine mothers had toxemia.
One mother had rubella in the first month of her pregnancy, 1 had thrombophlebitis in the sixth month, 1 had a renal tract infection in the fourth month, and 1 had pertussis in the fifth month. A cervical polyp was removed from 1 mother 6 weeks after her last menstrual period. Eight mothers appeared to have been under quite severe and protracted nervous tension during the twin pregnancy.
In only 3 instances, were the pregnancies considered normal in retrospect.
The duration of pregnancy was thought to be 38 weeks 
DISCUSSION
It is reasonable to suppose that there are various mechanisms causing human congenital cardiovascular lesions. Like older individuals, the newborn baby doubtless is as he is because of the interaction of his genetic endowment and his previous environment. Yet we postulate that either a hereditary or an environmental factor was the more influential (or at times, possibly, the sole) mechanism in the production of an anomaly in any particular baby. An indication of the relative etiologic importance of the genetic and environmental factors may be gained if we can explain the discordance of the twin pairs.
Although discordance of dizygotic twin pairs is certainly compatible with the idea of a primarily genetic etiologic mechanism, the discordant monozygotic pairs (consisting of individuals with similar genetic endowment) militate against this postulate.
An environmental teratologic factor could affect a fetus in one of 2 general waysvia the maternal circulation, or locally at a site very close to the ovofetus. In the former The discordant monozygotic twin pairs make it very difficult to accept the concept of an etiologic factor transported by the maternal circulation, since genetically similar embryos would be expected to react in a similar fashion to the same environmental stimulus. Although discordance of dizygotic pairs would be a somewhat surprising finding were the teratologic agent blood-borne, there could be at least 2 explanations for such discordance. Either the co-twins could differ genetically in their susceptibility to the environmental factor, or the co-twins could have reached slightly different stages of development at the time of the insult, with only 1 twin at the critically susceptible period for the production of the anomaly.
A more satisfactory explanation of the discordance of the monozygotic twin pairs 31.
32.
1 abortion during prior marriage 33.
34. + ROSS appears to us to be that of an environmental factor ac(ting" inl close proximity to the zygote, embryo, or fetus, so localized that it can affect 1 twini and leave his co-twin unscathed. The insult may occur ill the uterus, for install(e, inl one of the following ways described by Javert :4 ''Wheni one recalls the physiologric aniemia which characterizes the early (levelop)illeit of the ovofetus, it does not take imuch more thani a simple twist of the cord, or a small area of decidual hemorrhage, or avwiscularity of the villi, or a faulty iml)lalltation, to compromise normal oxygenation ai(i nourishment of the ovofetus, and its suibseqtueiit faulty development.'" Or the damage may be inflicted in or by the oviduct. Or the respoiisible agent may be in the cytoplasm of the ovum. If such locally operative factors can, indeed, constitute a tyl)e of teratologic mechanism, the problems of (Ielilleatilig their nature and of detersimiji'g fwhat produces themn are posed.
SUMIMARY
Tic eiity-six pairs of dizygotic twins and 1 1 pairs of imlonzN:ygotic twins were studied. 
Monozygotic Pairs Discordant for Cardiovascular
Anomalies Case 27. The paternal greatgrandmother and a daughter of the maternal grandmother's sister were thought to have syndactyly. When the twins' mother was a baby, her thymus was irradiated. She had had menstrual irregularities from the time she was 18 years old until after the birth of the twins. Her first pregnancy ended in a missed abortion at about 41/2 months. A son was born the next year, following which she had intermittent pyrexia of unknown etiology for 2 to 3 months. About 31/2 years later, she was considered well enough to have more children, and promptly conceived.
The mother was given some type of injections to preserve the twin pregnancy. Albuminuria and ankle edema were present during the last week; on the day of delivery and on the following day, her blood pressure varied between 135-170/90-100. The duration of pregnancy was not definitely known, but it was thought probably to have been full-term. The twins were born when their mother was 24 and their father 25 years old. NMA weighed 5-13 at birth, and CMB 4-13.
A systolic murmur was noted when CMB was 1 week old. He had noisy breathing and occasional coughing and choking spells as a baby; these symptoms gradually subsided. He always weighed less than his co-twin. His mother felt that he was asymptomatic and that he tired a little less easily than, and was physically stronger than his normal co-twin. Case 30. These conjoined twins were the products of their mother's first pregnancy, and were conceived a few weeks after her marriage. The father was 23 years old when they were born and the mother was 25. The parents were Negroes.
Another daughter was born 1 year after the twins.
The mother had excessive vomiting during the first trimester, with a weight loss of 15 pounds during the early part of the pregnancy. When 31/2 months pregnant, she had 9.2 Gm. Hb per 100 ml. and 3,600,000 red blood cells per mm.3 The twins were born after a 36-week gestation. CFA weighed about 3-10. The conjoined co-twin was stillborn and weighed about 2-2. There was a single, large placenta and a single umbilical cord. The twins were surgically separated soon after birth. CFA died at 8 hours of age.
The twins were fused from below the xiphoid to the pubis; there was a cartilaginous bridge in the xiphoid region. They had one large liver, a single biliary tract, and a large, bifid gallbladder. The gastrointestinal tracts were continuous at the upper jejunal level. Each baby had her individual stomach, large intestine, and genitourinary tract. CFA's spleen was on the right side.
CFA had a cor triloculare. The tricuspid valve P-d the right ventricle were absent; the pulmlionary aartery was atrophic. The ductus arteriosus and the foramen ovale were patent. The heart weighed 30 Gm. The stillborn baby's heart weighed 4 Gm., and appeared anatomically normal. Her ductus arteriosus and foramen ovale were also patent; these findings were considered "physiological." She had marked bilateral pulmonary atelectasis and severe left dorsolumbar scoliosis. Their younger sister was examined when she was 21 months old.
Of interest in connection with this case, are other conjoined twins discordant for congenital heart disease65-67 and a pair who were probably concordant for it. 68 Case 31. The family history was incomplete.
During the mother's first marriage, she had seven pregnancies, productive of 5 full-termn babies, one premature baby who weighed 31/2 pounds at birth, and one spontaneous abortion of a 6-mnonth fetus.
The son of a half-sibling of the twins had a club foot. The only pregnancy during the mother's second marriage was that productive of the twins who were born 9 years after their youngest halfsibling. Both parents were 36 years old at the time of the twins' birth. The mother had labor-like abdominal pains during the second month of the twin gestation; she was treated with stilbestrol. The duration of the pregnancy was 8 months. Both umbilical cords prolapsed late in labor. The onset of respiration was delayed in both twins, and they required tracheal aspiration. NMA weighed 5-3 and the patient weighed 4-13 at birth. There was one placenta.
CMB was noted to have a murmur when he was 10 months old. He seemed to tire a little more easily than his co-twin, and reached his landmarks slightly later than did NMA. His I.Q. was 49 and his co-twin's was 47.
At 9 years of age, CMB weighed 49 pounds and was 49 inches tall. He had a grade III to IV, harsh, systolic murmur which was loudest at the left sternal border in the fourth intercostal space and was transmitted laterally and up the left sternal border. The second sound at the pulmonary area was accentuated and split. An electrocardiogram, which included precordial leads, was recorded when he was 71/2 years old, and was normal. Roentgenographic examination at that time showed increased bronchovascular markings and questionable lifting of the apex. He was thought to have a ventricular septal defect.
The co-twin weighed 53 pounds and was 50 inches tall. Physical, electrocardiographic (including precordial leads), and fluoroscopic examinations at 9 years of age revealed no cardiovascular abnormalities. He had a Simian crease on the right hand; CMB had one on the left hand. Neither twin had any facial findings suggestive of mongolism.
Zygosity: The color of the normal twin's skin was a little darker than that of the affected twin; they were Negroes. Both twins were group 0, type Rho, Mss, P positive, Duffy negative, Kell negative. The difference in their fingerprint total ridge counts was 3. The relative chance that they were monozygotic was 0.9417; it was 0.9913 if the placenta and fingerprints were considered too.
Case 32. The mother's paternal grandmother had twins. The father developed an inguinal hernia at 12 years of age. The twins had 2 brothers, the first of whom was born 2 years after the parents' marriage. The twins were born 21/2 years later; both parents were then 25 years old. The youngest child was born 16 months after the twins.
The mother's last imenstrual period prior to the twin pregnancy began on April 17. On August 14, she developed a urinary tract infection for which she was treated with gantrisin and penicillin. Her hemoglobin at the time was 9.4 Gm. per 100 nil. A month before delivery, the mother probably had a recurrence of the infection, and was treated with gantrisin and aureomycin. At this time, her hemoglobin was 8.4 Gm. per 100 ml. and her red blood count was 2,790,000 per nMu.3 The twins were born on December 28. NM1A weighed 5-14 and CMB 6-0. There were two completely separate placentas.
The 2 babies developed adequately and in a similar fashion for approximately 3 months. Then CMB's appetite diminished and he failed to gain well. He developed respiratory difficulties (frequent coughing, wheezing, and labored breathing), became seriously ill, and was hospitalized on 4 occasions during the first 2 years of his life. Marked enlargement of his heart, especially of the left ventricle, was noted when he was 4 months old. The baby was treated with digitalis until the age of 41/2 years. At 1 year, he weighed 17 pounds and his co-twin weighed 23 pounds. CMB began to improve at about 21/2 years of age, and within half a year, he was the equal of his co-twin in weight, height, and physical activity, according to his mother.
There were no significant murmurs at the beginning of his illness, but by the time he was 4 years old, an organic-sounding systolic murmur was present, and when he was 6 years old, a diastolic murmur was also noted. Angiocardiog- The co-twin was the same height as CMA and weighed 9 pounds more. Physical, electrocardiographic (including precordial leads), and fluoroscopic examinations showed no cardiovascular abnormality. The 16-year-old brother had a soft, blowing, systolic murmur at the left sternal border in the second and third intercostal spaces; it was not transmitted and was audible in the supine, but not in the erect position. The clinical impression was that the murmur was innocent; however, since electrocardiographic and fluoroscopic examinations could not be made, the boy was considered to have an undiagnosed manifestation.
Zygosity: The twins looked very much alike, except that the face of the heavier one was rounder than his brother's and that there was some difference in the shapes of their eyebrows. The presence of a single ehorion indicated that the twins were inonozygotie. In case the clinical impression of a single ehorion may have been in error, the following information is included. Both twins were group 0, type Rhorh, Nss, P positive, Duffy negative, Kell negative, Kidd negative. The difference between their fingerprint total ridge counts was 9. The relative chance that they were monozygotic was 0.9556, or 0.9926 if the single placenta and the fingerprints were taken into consideration.
Case 34. The paternal grandfather's sister and the paternal grandmother's cousin's daughter had twins. The paternal grandmother had diabetes. Prior to her marriage, the mother had severe dysmenorrhea and menstruated at 4-to 6-week intervals. She was told that she had an infantile uterus. At about the time of her marriage her basal metabolic rate was -18. The twins were the parents' first children and were born when the mother was 25 and the father 35 years old. Two years later they had a son, born after a 41-week gestation. A second son was born 11/2 years after the first.
Seven weeks after her marriage, the mother had acute cystitis; Bacillus pyocyaneus was cultured from the urine. years old. The narrowed area of the aorta was located at the level of the ligamentum arteriosum, distal to the origin of the left subelavian artery. The outer diameter of the coareted region was 11 mm. and the inner diameter was 3 mm. There was post-stenotic dilatation of the aorta; just distal to the coarctation the outer diameter of the aorta was 25 mm., whereas above the coaretation it was 16 mm. A segment of the aorta 2 em. in length was removed and an end-to-end anastomosis was performed.
At 
Monozygotic Pairs Concordant for Cardiovascular
Anomalies Case 36. The mother's first pregnancy was productive of a stillborn, macerated baby girl who weighed 9-14 and was born 2 years after the parents' marriage. No fetal heart sounds had been heard for 2 days prior to her birth. At the time of delivery, the mother had an upper respiratory infection; her husband had had a viral infection shortly before that. At postmortem examination of the stillborn baby, both the foramen ovale and the ductus arteriosus were observed to be patent; these findings were not considered pathologic. There were multiple, small, white, infareted areas in the placenta.
Since the mother's pelvis had a contracted outlet, her next baby, born a year later, was delivered by elective cesarean section performed after 38 weeks' gestation. The boy weighed 7-8; ROSS he had a pre-auricular papillomna. There were extensive cileil.ed deposits in the placenta. Two years later, another son was delivered by elective cesarean section a week before term; he weighed 8-10. Neither of these 2 boys was examined by us; their pediatrician reported them free of congenital heart disease at 7 and 5 years of age.
The twins were born a year and a half after their younger brother. The father was then 42 years old, and the another at least 38 years old. The pregnancy lasted 38 weeks. A cesarean section was performed after the mother went inito) labor. There was a single placenta. The firstdelivered twin weighed 4-11 and the second 5-8. Both babies were considered mongoloid from birth.
CMIA had a murmur from birth, and died at 12½ months of age, weighing 9 pounds. He had blue eyes and brown hair. Postmortem examiiination of the heart showed that there was a 4 by 3 em. defect in the ventricular septum "about 3 mm. below the aortic ring and underneath the anterior cusp." The foramen ovale was closed.
A systolic murmur was intermittently heard in the second twin. He died of bronchopneumonia at 5 months of age; he weighed 8-5 at the time. He, too, had blue eyes and brown hair. At postmortenm examination, an open foramen ovale was noted; as this term is used by the pathologist who examined the heart, it indicated that there was an anatomic defect of at least 1/3 of the area of the atrial septum.
Zygosity: Both twins were group A, type Rh positive. Allen and Baroff69 considered the maximal concordance rate for mongolism among dizygotic twins to be 2.7 per cent. The probability that the twins were monozygotic, calculated from this figure as well as those based on our knowledge of the "initial odds," blood types, and placenta was 0.9887.
The following reports of twin pairs concordant for mongolism are of interest in connection with this case. Both members of the pair described by Rosanoff and HandV70 were considered to have congenital heart disease. It is difficult to judge whether the "systolic murmur" heard in both cotwins reported by Lund7' was caused by congenital heart disease. A pair apparently discordant for congenital cardiac disease was described by Jervis;72 the question of their zygosity was lamter discussed by Allen and Baroff.69 Young73 reported a pair of twins, one of whom showed no evidence of heart disease during the first seven weeks of life, although his co-twin was definitely affected.
Case 37. The mother was receiving psychiatric therapy on an ambulatory basis at the time of our interview. She gave a history of having been married twice. During her first marriage, and beginning at 16 years of age, she had 4 pregnancies, productive of 2 full-term children (one of whom was examined by us), an abortion of twins, and an abortion of a single fetus. The mother was pregnant 6 times during her second marriage. A daughter was born 15 months before the twins. Nine months before their birth, the mother had a salpingectomy for a ruptured ectopic pregnancy. The twins were born when the mother was 23 years old. A girl was born 3 years after them; during this pregnancy, the mother took an overdose of sleeping tablets. A boy was born the following year, and another one 14 months later. During the final pregnancy, the mother voluntarily entered a mental hospital for 10 days. She was sterilized after the birth of this, her eighth living child.
During the twin gestation, the mother "spotted" for 4 days in the second month, and again in the fourth month. The twins were born after a 33-week gestation; CFA weighed 3-15 and CFB weighed 3-11. There was a single, large placenta.
Both children underwent cardiovascular surgery when they were 11/2 years old. Each had a patent ductus arteriosus, which was about 5 mm. in diameter. The attachment of the pericardium to the pulmonary artery and the ductus arteriosus was firmer and more extensive than usual. CFA's duetus was ligated, and her sister's was divided.
The twins had no clinical evidence of cardiovascular disease when 
